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CLAIMS: 

1 . A method for providing access to a series of adjacent vertebrae 
located within a human lumbar and sacral spine having an anterior aspect, a 
posterior aspect and an axial aspect, wherein the axial aspect is curved in the 
posterior-anterior plane due to curvature of the spinal column, the vertebrae 
separated bys|ntact or damaged spinal discs, the method comprising the steps 
of: 

accessing ^anterior or posterior sacral target point of a sacral vertebra 
in alignment with a visualized, curved axial instrumentation/fusion line extending 
in said axial aspect through the series of adjacent vertebral bodies; and 

from the accessed sacral target point, boring a curved trans-sacral axial 
bore in alignment with said axial instrumentation/fusion line cephalad and axially 
through the vertebral bodies of ^aid series of adjacent vertebrae and any 
intervertebral spinal discs. 

2. The method of Claim 1 , vfrierein the boring step further comprises 
the steps of: 

providing a boring assembly comprising a boring head capable of being 
imaged at the distal end of a flexible boring drive shaft and a directional control 
mechanism for adjusting a boring angle of the boring head; 

imaging the boring head and the vertebrae^ 

while observing the imaged boring head and vertebrae, advancing the 
boring head from the anterior or posterior target point through the vertebral 
bodies and any intervening discs; and 

during advancement, adjusting the boring angle of the v boring head to 
form a curve in the axial bore. 
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3. The method of Claim 2, wherein the adjusting step further 
iprises the steps of: 

straightening the boring angle of the boring head when boring through 
opposed end faces of facing vertebral bodies and the intervening disc space so 
that the a>dal bore is aligned axially normal to the opposed end faces of the 
facing vertebral bodies; and 

deflecting the boring angle of the boring head when boring within a 
vertebral body between the end faces of the vertebral body, whereby the curved 
axial bore can be fo(med of relatively straight and curved sections. 

4. The methdd of Claim 1 , wherein the boring step further comprises 
the steps of: 

providing a boring assembly comprising a boring drill bit capable of being 
imaged at the distal end of a flexible drive shaft, the drive shaft coupled at a 
drive shaft proximal end to a drill rnotor and at a drive shaft distal end to the drill 
bit, whereby the drill bit and drive shaft are rotatable by operation of the drill 
motor, a flexible inner sheath having an inner sheath lumen through which said 
drive shaft extends said inner sheath having a curved distal segment, and a 
straight flexible outer sheath having an outer sheath lumen through which said 
inner sheath extends, the outer and inner snfeaths providing directional control to 
the boring angle of the drill bit by selectively dually advancing or proximally 
retracting the outer sheath over or from a distal segment of the inner sheath; and 

operating the drill motor and advancing the qrill bit from the anterior or 
posterior target point while adjusting the boring anglaof the drill bit by 
selectively advancing or retracting the outer sheath over or from the distal 
segment of the inner sheath to drill the axial bore through the vertebral bodies 
and any intervening discs in alignment with the axial instrumentation/fusion line. 
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5. The method of Claim 4, wherein the adjusting step further 
comprises the steps of: 

straightening the boring angle of the drill bit when boring through opposed 
end faces effacing vertebral bodies and the intervening disc space by extending 
5 the outer sheath distal ly over the inner sheath so that the axial bore is aligned 
axially normal to the opposed end faces of the facing vertebral bodies by 
advancing the outer sheath distally over the drive shaft; and 

deflecting tnte boring angle of the drill bit when boring within a vertebral 
body between the encl faces of the vertebral body by retracting the outer sheath 
10 proximally over the inner sheath, whereby the curved axial bore can be formed 
of relatively straight and curved sections. 

6. The method of CJaim 1 , wherein the boring step further comprises 
the steps of: 

15 providing a boring assembly comprising a boring drill bit capable of being 

imaged at the distal end of a flexibl^drive shaft, the drive shaft coupled at a 
drive shaft proximal end to a drill motor and at a drive shaft distal end to the drill 
bit, whereby the drill bit and drive shaft sare rotatable by operation of the drill 
motor, a drive shaft sheath extending between a drive shaft sheath proximal end 

20 to a drive shaft sheath distal end and havinta a drive shaft sheath lumen through 
which said drive shaft extends, a tip deflectiota wire extending from a tip 
deflection wire distal end coupled with the drive shaft distal end to a tip 
deflection wire proximal end, the tip deflection wre providing directional control 
to the boring angle of the drill bit by selectively applying tension to or releasing 

25 tension from the tip deflection wire proximal end while advancing the drill bit to 
bore a curved axial bore visualized by observation of the imaged drill bit and 
vertebrae of the spine; and 
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operating the drill motor and advancing the drill bit and drive shaft from 
the anterior or posterior target point while adjusting the boring angle of the drill 
bit by selectively applying tension to or releasing tension from the tip deflection 
wire fronrrthe tip deflection wire proximal end to drill the curved axial bore 
through the yertebral bodies and any intervening discs in alignment with the 
axial instrumentation/fusion line. 




7. The method of Claim 6, wherein the adjusting step further 
comprises the steps 

10 releasing tensionNfrom the tip deflection wire to straighten the boring 

angle of the drill bit when opring through opposed end faces of facing vertebral 
bodies and the intervening aisc space so that the axial bore is aligned axially 
normal to the opposed end facfes of the facing vertebral bodies; and 

applying tension to the tipxieflection wire to deflect the boring angle of the 

is drill bit when boring within a vertebral body between the end faces of the 
vertebral body, whereby the curved a^ial bore can be formed of relatively 
straight and curved sections. 

8. The method of Claim 1 , wherein the boring step further comprises 
20 the steps of: \ 

providing a boring assembly comprising a boring drill bit capable of being 
imaged at the distal end of a flexible drive shaft, the drive shaft coupled at a 
drive shaft proximal end to a drill motor and at a driW shaft distal end to the drill 
bit, whereby the drill bit and drive shaft are rotatable W operation of the drill 
25 motor, a flexible drive shaft sheath enclosing and extending along the drive shaft 
to a drive shaft sheath distal end, the drive shaft sheath having a sheath axis 
and a sheath lumen extending between the drive shaft sheath proximal and 
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di^tal ends through which the drive shaft extends, the sheath lumen disposed off 
center from the sheath axis, whereby the drive shaft sheath provides directional 
control to the boring angle of the drill bit by selectively advancing the drive shaft 
sheath over a distal segment of the drive shaft to apply the drive shaft sheath 
5 distal end against a surface of the drill bit to urge the drill bit in the direction that 
the off center sheath lumen is from the sheath axis thereby imparting an offset 
boring angle to the drill bit or by retracting the drive shaft sheath from the distal 
segment of the drive shaft to enable the drive shaft section extended distally 
from the drive shaft sf^eath to straighten; and 
10 operating the drillvmotor and advancing the drill bit and drive shaft and 

drive shaft sheath from the anterior or posterior target point while adjusting the 
boring angle of the drill bit [^selectively advancing the drive shaft sheath or 
retracting the drive shaft sheath over or from the distal segment of the drive shaft 
to drill the curved axial bore through the vertebral bodies and any intervening 
15 discs in alignment with the axial instrumentation/fusion line. 




9. The method of Claim 8, wherein the adjusting step further 
comprises the steps of: 

retracting the drive shaft sheath proximally over the drive shaft to 
20 straighten the boring angle of the drill bit when^oring through opposed end 
faces of facing vertebral bodies and the intervening disc space so that the axial 
bore is aligned axially normal to the opposed end f^ces of the facing vertebral 
bodies by; and 

advancing the drive shaft sheath distally over th^ drive shaft to deflect the 
25 boring angle of the drill bit when boring within a vertebral body between the end 
faces of the vertebral body, whereby the curved axial bore\pan be formed of 
relatively straight and curved sections. 
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10. Apparatus for providing access through a series of adjacent 
vertebrae located within a human lumbar and sacral spine having an anterior 
aspecKa posterior aspect and an axial aspect from an anterior or posterior 
sacral target point of a sacral vertebra in alignment with a visualized, curved 
s axial instmrqentation/fusion line extending in said axial aspect through the series 
of adjacent vertebral bodies, wherein the axial aspect is curved in the posterior- 
anterior plane aUe to curvature of the spinal column, the vertebrae separated by 
intact or damageoNntervertebral spinal discs, the apparatus comprising: 
an elongated/flexible drive shaft extending between a drive shaft 
10 proximal end and a driVe shaft distal end; 

a boring head capable of being imaged at the drive shaft distal end; 
a drive motor coupled to the drive shaft proximal end for driving the boring 
head through the drive shaftNand 

a directional control mechanism for adjusting a boring angle of the boring 
15 head from a location outside the trans-sacral axial bore as the boring head is 
driven and for advancing the boring\head from a anterior or posterior target point 
through the vertebral bodies and anyNntervening discs in a cephalad direction to 
bore a curved axial bore in alignment with the axial instrumentation/fusion line. 

20 11. The apparatus of Claim 1 0, wherein the directional control 

mechanism further comprises: 

means for straightening the boring angle^f the boring head when boring 
through opposed end faces of facing vertebral boqies and the intervening disc 
space so that the axial bore is aligned axially norma(to the opposed end faces 
25 of the facing vertebral bodies; and 

means for deflecting the boring angle of the borirtg head when boring 
within a vertebral body between the end faces of the vertebral body to bore a 
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jrved section of the axial bore, whereby the curved axial bore can be formed of 
relatively straight and curved sections. 



T2. Apparatus for forming a curved axial bore extending from an 
5 anterior oKposterior sacral target point of a sacral vertebra through a series of 
adjacent vertebrae located within a human lumbar and sacral spine having an 
anterior aspect, a posterior aspect and an axial aspect, wherein the axial aspect 
is curved in the posterior-anterior plane due to curvature of the spinal column, 
the vertebrae separated by intact or damaged spinal discs, the apparatus 
10 comprising: \ 

boring means forboring a curved trans-sacral axial bore from the 
accessed sacral target pofart in alignment with said axial instrumentation/fusion 
line cephalad and axially through the vertebral bodies of said series of adjacent 
vertebrae and any intervertebral spinal discs; and 
is curvature controlling mean^ for selectively controlling the curvature of the 

curved trans-sacral axial bore. 



1 3. The apparatus of Claim 12, wherein: 
the boring means further cx>mprises^ 
20 an elongated, flexible drive shaft extending between a drive shaft 

proximal end and a drive shaft distal end;\^ 

a boring drill bit capable of being imaged at the drive shaft distal 
end; and \ 

a drill motor coupled to the drive shaff^proximal end to rotate the 
25 drive shaft and drill bit; and \ 

the curvature controlling means further comprises: 
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a flexible inner sheath extending along the drive shaft having an 
v inner sheath lumen enclosing the drive shaft sheath, at least a distal segment 
\pf the inner sheath being pre-curved to guide the drive shaft in a curved path; 
and 

\ a straight flexible outer sheath having an outer sheath lumen 
through which a length of the inner sheath extends, the straight flexible outer 
sheath Having a stiffness sufficient to straighten the length of the inner 
sheath andvdrive shaft that extends through the outer sheath lumen, the outer 
sheath adapted to be advanced over and retracted from at least a portion of 
the distal segment of the inner sheath as the drill bit is rotated to adjust the 
boring angle of th\drill bit to drill a curved axial bore having a selected 
curvature \ 

14. The apparatusxrf Claim 13, wherein the outer sheath is more rigid 
than the inner sheath and drivevShaft extending through the inner sheath 
enabling the outer sheath to straighten the distal segment of the inner sheath 
when advanced distally but is sufficiently flexible to bend when advanced in a 
curved axial bore, whereby extensiorvof the outer sheath over the distal segment 
of the inner sheath within the axial boresstraightens the boring angle of the drill 
bit enabling boring of a relatively straight ^xial bore section, and retraction of the 
outer sheath from the inner sheath distal segment allows the inner sheath to 
curve and deflect the boring angle of the drill bit enabling boring of a relatively 
curved axial bore section, whereby the curved akial bore can be formed of 
relatively straight and curved sections. \ 
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15. The apparatus of Claim 12, wherein: 
v the boring means further comprises: 

an elongated, flexible drive shaft extending between a drive shaft 
proximal end and a drive shaft distal end; 

\a boring drill bit capable of being imaged at the drive shaft distal 

end; 

a drijl motor coupled to the drive shaft proximal end to rotate the 
drill bit and drivexshaft; and 

the curvature controlling means further comprises: 

a drive shaft sheath extending between a drive shaft sheath 
proximal end to a drive shaft sheath distal end and having a drive shaft 
sheath lumen through wlwi said drive shaft extends; and 

a tip deflection wir^extending from a tip deflection wire distal end 
coupled with the drive shaft sheath distal end to a tip deflection wire proximal 
end, the tip deflection wire providing directional control to the boring angle of 
the drill bit by selectively applying tension to or releasing tension from the tip 
deflection wire proximal end while advancing the drill bit to bore a curved 
axial bore visualized by observation of the imaged drill bit and vertebrae of 
the spine \ 

whereby the drill bit is rotated by the drilkmotor and drive shaft is rotated 
within the drive shaft sheath from the anterior or posterior target point in 
alignment with the axial instrumentation/fusion line^to drill the axial bore through 
the vertebral bodies and any intervening discs, and, during advancement, the 
boring angle of the drill bit is adjustable to follow the curvature of the axial 
instrumentation/fusion line by selectively applying tensior^to or releasing tension 
from the tip deflection wire from the tip deflection wire proximal end. 
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16. The apparatus of Claim 15, wherein: 
the release of tension from the tip deflection wire allows the distal 

segment^ the drill drive shaft to straighten and to be advanced through a 
curved axialbore with the drill bit axially aligned with the drive shaft enabling 
boring of a relatively straight axial bore section when boring through opposed 
end faces of facing vertebral bodies and the intervening disc space so that the 
straight axial bore^section is axially normal to the opposed end faces of the 
facing vertebral bodies; and 

the application of tension to the tip deflection wire induces a curvature in 
the distal segment of thesdrill drive shaft and deflects the boring angle of the drill 
bit enabling boring of a relatively curved axial bore section within a vertebral 
body between the end faces^f the vertebral body, whereby the curved axial 
bore can be formed of relatively straight and curved sections. 

1 7. The apparatus of Cl^i^ri 1 5, wherein 

the release of tension from the^tip deflection wire allows the distal 
segment of the drill drive shaft to straighten and to be advanced through a 
curved axial bore with the drill bit axially aligned with the drive shaft enabling 
boring of a relatively straight axial bore section; and 

the application of tension to the tip deflection wire induces a curvature in 
the distal segment of the drill drive shaft and defects the boring angle of the drill 
bit enabling boring of a relatively curved axial bor^ section, whereby the curved 
axial bore can be formed of relatively straight and curved sections. 
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\ 1 8. The apparatus of Claim 1 2, wherein: 
the boring means further comprises: 

\ an elongated, flexible drive shaft extending between a drive shaft 
proximal Vnd and a drive shaft distal end; 

a rboring drill bit capable of being imaged at the drive shaft distal 
end; \ 

a drill rnotor coupled to the drive shaft proximal end, whereby the 
drill bit and drive snaft are rotatable by operation of the drill motor; and 
the curvature controlling means further comprises a flexible drive shaft 
sheath extending between drive shaft sheath proximal and distal ends along the 
drive shaft, the drive shaft sn^ath having a sheath axis and a sheath lumen 
extending between the drive shaft sheath proximal and distal ends through 
which the drive shaft extends, the\heath lumen disposed off center from the 
sheath axis, whereby the drive shaftVieath provides directional control to the 
boring angle of the drill bit by selectively retracting the drive shaft sheath from a 
distal segment of the drive shaft to enable, the drive shaft section extending 
distally from the drive shaft sheath to straighten to bore a relatively straight 
section of a curved axial instrumentation/fusion line or by advancing the drive 
shaft sheath over the distal segment of the drive^shaft to apply the drive shaft 
sheath distal end against a surface of the drill bit to urge the drill bit in the 
direction that the off center sheath lumen is from thevsheath axis thereby 
imparting an offset boring angle to the drill bit, wherebythe curved axial bore 
can be formed of relatively straight and curved axial borasections. 
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The apparatus of Claim 18, wherein: 
theNiistal section of the drill drive shaft straightens when extended from 
the drive shaft sheath with the drill bit axially aligned with the drive shaft 
enabling boring\rf a relatively straight axial bore section when boring through 
5 opposed end facesspf facing vertebral bodies and the intervening disc space so 
that the straight axiaPbore section is axially normal to the opposed end faces of 
the facing vertebral boai^s; and 

the drill bit is angledio the offset boring angle when the drive shaft sheath 
is extended over the distal section of the drive shaft sheath and against the drill 
10 bit enabling boring of a relatively curved axial bore section within a vertebral 
body between the end faces of thesyertebral body, whereby the curved axial 
bore can be formed of relatively straight and curved sections. 



20. The apparatus of Claim 1 9, Nwherein the drive shaft sheath further 
comprises a thrust bearing at the sheath distal end that is applied against a 
proximal surface of the drill bit when the drive^haft sheath is advanced. 



21 . The apparatus of Claim 1 8, wherein the drive shaft sheath further 
comprises a thrust bearing at the sheath distal end that is applied against a 
20 proximal surface of the drill bit when the drive shaft sheath is advanced. 



25 



# 



9500030 . APP PATENT 

-45- 

22. A method for providing access to a series of adjacent vertebrae 
located within a human lumbar and sacral spine having an anterior aspect, a 
posterior aspect and an axial aspect, wherein the axial aspect is curved in the 
posterfor-anterior plane due to curvature of the spinal column, the vertebrae 
5 separate^ by intact or damaged spinal discs, the method comprising the steps 
of: 

acces&mg an anterior or posterior sacral target point of a sacral vertebra 
in alignment with a visualized, curved axial instrumentation/fusion line extending 
in said axial aspect through the series of adjacent vertebral bodies; and 

10 from the accessed sacral target point, boring a plurality of trans-sacral 

axial bores through the\vertebral bodies of said series of adjacent vertebrae and 
any intervertebral spinal qiscs, the plurality of trans-sacral axial bores 
commencing in substantial ^xial alignment with said axial instrumentation/fusion 
line at the anterior or posterioKsacral target point and extending in the cephalad 

is direction axially through the vertebral bodies of said series of adjacent vertebrae 
and any intervertebral spinal discs\each trans-sacral axial bore diverging away 
from the axial instrumentation/fusionNine and any other axial bore and 
terminating at spaced apart cephalad bore ends. 

20 23. The method of Claim 22, wherein the boring step further comprises 

the steps of: \ 

providing a boring assembly comprising a boring head capable of being 
imaged at the distal end of a flexible boring drive^shaft of materials that are and 
a directional control mechanism for adjusting a boring angle of the boring head; 
25 and, \ 
in boring each of the plurality of trans-sacral axial bores\ 
imaging the boring head and the vertebrae; 
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while observing the imaged boring head and vertebrae, advancing the 
boriftg head from the anterior or posterior target point initially in alignment with 
the axial instrumentation/fusion line and then in the cephalad direction through 
the vertebral bodies and any intervening discs; and 

during advancement, adjusting the boring angle of the boring head to 
bore the axiaPbore diverging away from the axial instrumentation/fusion line and 
any other axial bo^eof the plurality of diverging axial bores. 

24. The method of Claim 23, wherein the adjusting step further 
comprises the steps of: 

straightening the boring angle of the boring head when boring through 
opposed end faces of facing vertebral bodies and the intervening disc space so 
that the axial bore is aligned axially normal to the opposed end faces of the 
facing vertebral bodies; and 

deflecting the boring angle okhe boring head when boring within a 
vertebral body between the end faces\^f the vertebral body, whereby the curved 
axial bore can be formed of relatively strait and curved sections. 

25. The method of Claim 22, wherein the boring step further comprises 
the steps of: 

providing a boring assembly comprising a N boring drill bit capable of being 
imaged at the distal end of a flexible drive shaft, the^drive shaft coupled at a 
drive shaft proximal end to a drill motor and at a drive^shaft distal end to the drill 
bit, whereby the drill bit and drive shaft are rotatable byv^peration of the drill 
motor, a flexible inner sheath having an inner sheath lumen through which said 
drive shaft extends said inner sheath having a curved distal^egment, and a 
straight flexible outer sheath having an outer sheath lumen through which said 
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inner sheath extends, the outer and inner sheaths providing directional control to 
the \pring angle of the drill bit by selectively distally advancing or proximally 
retracttag the outer sheath over or from a distal segment of the inner sheath; and 
operating the drill motor and advancing the drill bit from the anterior or 
5 posterior target point while adjusting the boring angle of the drill bit by 
selectively advancing or retracting the outer sheath over or from the distal 
segment of the inher sheath to drill the diverging axial bore through the vertebral 
bodies and any intervening discs. 

10 26. The methoctaf Claim 25, wherein the adjusting step further 

comprises the steps of: \ 

straightening the boring^angle of the drill bit when boring through opposed 
end faces of facing vertebral bodies and the intervening disc space by extending 
the outer sheath distally over the inher sheath so that the axial bore is aligned 

15 axially normal to the opposed end fac^s of the facing vertebral bodies by 
advancing the outer sheath distally overttie drive shaft; and 

deflecting the boring angle of the dml bit when boring within a vertebral 
body between the end faces of the vertebral \otiy by retracting the outer sheath 
proximally over the inner sheath, whereby the curved axial bore can be formed 

20 of relatively straight and curved sections. \ 

27. The method of Claim 22, wherein the bonng step further comprises 
the steps of: \ 

providing a boring assembly comprising a boring drill bit capable of being 
25 imaged at the distal end of a flexible drive shaft, the drive shaft coupled at a 
drive shaft proximal end to a drill motor and at a drive shaft distal end to the drill 
bit, whereby the drill bit and drive shaft are rotatable by operation of the drill 
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motor, a drive shaft sheath extending between a drive shaft sheath proximal end 
to arrive shaft sheath distal end and having a drive shaft sheath lumen through 
whidvsaid drive shaft extends, a tip deflection wire extending from a tip 
deflection wire distal end coupled with the drive shaft distal end to a tip 
deflection wire proximal end, the tip deflection wire providing directional control 
to the boringWigle of the drill bit by selectively applying tension to or releasing 
tension from thW tip deflection wire proximal end while advancing the drill bit to 
bore a curved axikl bore visualized by observation of the imaged drill bit and 
vertebrae of the spine; and 

operating the dnJI motor and advancing the drill bit and drive shaft from 
the anterior or posterior target point while adjusting the boring angle of the drill 
bit by selectively applying tension to or releasing tension from the tip deflection 
wire from the tip deflection wfce proximal end to drill the diverging axial bore 
through the vertebral bodies and any intervening discs. 

28. The method of Claim 27, wherein the adjusting step further 
comprises the steps of: \ 

releasing tension from the tip deflection wire to straighten the boring 
angle of the drill bit when boring through opposed end faces of facing vertebral 
bodies and the intervening disc space so that the axial bore is aligned axially 
normal to the opposed end faces of the facingNvertebral bodies; and 

applying tension to the tip deflection wire\o deflect the boring angle of the 
drill bit when boring within a vertebral body between the end faces of the 
vertebral body, whereby the curved axial bore can be formed of relatively 
straight and curved sections. \ 
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29. The method of Claim 22, wherein the boring step further comprises 
the steps of: 

\ providing a boring assembly comprising a boring drill bit capable of being 
imaged at the distal end of a flexible drive shaft, the drive shaft coupled at a 
drive shaft proximal end to a drill motor and at a drive shaft distal end to the drill 
bit, wherebysthe drill bit and drive shaft are rotatable by operation of the drill 
motor, a flexible drive shaft sheath enclosing and extending along the drive shaft 
to a drive shaft sneath distal end, the drive shaft sheath having a sheath axis 
and a sheath lumen extending between the drive shaft sheath proximal and 
distal ends through wlwi the drive shaft extends, the sheath lumen disposed off 
center from the sheath axl^ whereby the drive shaft sheath provides directional 
control to the boring angle o)Whe drill bit by selectively advancing the drive shaft 
sheath over a distal segment okthe drive shaft to apply the drive shaft sheath 
distal end against a surface of the\drill bit to urge the drill bit in the direction that 
the off center sheath lumen is from me sheath axis thereby imparting an offset 
boring angle to the drill bit or by retracting the drive shaft sheath from the distal 
segment of the drive shaft to enable the drive shaft section extended distally 
from the drive shaft sheath to straighten; and 

operating the drill motor and advancing^the drill bit and drive shaft and 
drive shaft sheath from the anterior or posterior target point while adjusting the 
boring angle of the drill bit by selectively advancing^ drive shaft sheath or 
retracting the drive shaft sheath over or from the distal segment of the drive shaft 
to drill the diverging axial bore through the vertebral bodies and any intervening 
discs. \ 
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30. The method of Claim 29, wherein the adjusting step further 
lprises the steps of: 
.retracting the drive shaft sheath proximally over the drive shaft to 
straightCTr the boring angle of the drill bit when boring through opposed end 
5 faces of facfaKj vertebral bodies and the intervening disc space so that the axial 
bore is alignea^xially normal to the opposed end faces of the facing vertebral 
bodies by; and 

advancing thdsdrive shaft sheath distally over the drive shaft to deflect the 
boring angle of the drilhbit when boring within a vertebral body between the end 
10 faces of the vertebral body, whereby the curved axial bore can be formed of 
relatively straight and curvecKsections. 



31 . Apparatus for forming a curved axial bore extending from an 
anterior or posterior sacral target point of a sacral vertebra through a series of 
15 adjacent vertebrae located within a human lumbar and sacral spine having an 
anterior aspect, a posterior aspect and anvaxial aspect, wherein the axial aspect 
is curved in the posterior-anterior plane duetto curvature of the spinal column, 
the vertebrae separated by intact or damaged spinal discs, the apparatus 
comprising: 

20 boring means for boring a plurality of trans-sacral axial bores through the 

vertebral bodies of said series of adjacent vertebrae and any intervertebral 
spinal discs, the plurality of trans-sacral axial bores comr^encing in substantial 
axial alignment with said axial instrumentation/fusion line at the anterior or 
posterior sacral target point and extending in the cephalad direction; and 

25 curvature controlling means for selectively controlling the^ivergence of 

each trans-sacral axial bore extending axially through the vertebral bodies of 
said series of adjacent vertebrae and any intervertebral spinal discs\and 
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diverging away from the axial instrumentation/fusion line to cause each axial 
to terminate at spaced apart cephalad bore ends. 




The apparatus of Claim 31 , wherein: 
the^oring means further comprises: 

an elongated, flexible drive shaft extending between a drive shaft 
proximal encl^md a drive shaft distal end; 

a boring head capable of being imaged at the drive shaft distal 

end; 

10 a drive motor coupled to the drive shaft proximal end for driving the 

boring head through the^rive shaft; and 

the curvature controlling means further comprises a directional control 
mechanism for adjusting a borinfej angle of the boring head from a location 
outside the trans-sacral axial bore^ 

15 whereby the drill bit is rotated a^d advanced through the vertebral bodies 

and any intervening discs is drilled, and\during advancement, the boring angle 
of the drill bit is adjusted to bore a curved axial bore through the vertebral bodies 
and any intervening discs diverging away in the cephalad direction from the axial 
instrumentation/fusion line visualized by observation of the imaged drill bit and 

20 vertebrae of the spine. 



33. The apparatus of Claim 32, wherein the curvature controlling 
means further comprises: \ 

means for straightening the boring angle of the boring head when boring 
25 through opposed end faces of facing vertebral bodies and thkintervening disc 
space so that the axial bore is aligned axially normal to the opposed end faces 
of the facing vertebral bodies; and 
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means for deflecting the boring angle of the boring head when boring 
within a vertebral body between the end faces of the vertebral body, whereby the 
;urved diverging axial bores can be formed of relatively straight and curved 
sections. 

The apparatus of Claim 31 , wherein: 
the Boring means further comprises: 

ah elongated, flexible drive shaft extending between a drive shaft 
proximal end and a drive shaft distal end; 

a boring drill bit capable of being imaged at the drive shaft distal 

end; and 

a drill motor^coupled to the drive shaft proximal end to rotate the 
drive shaft and drill bit; arid 

the curvature controllingNrieans further comprises: 

a flexible inner sheath extending along the drive shaft having an 
inner sheath lumen enclosing theydrive shaft sheath, at least a distal segment 
of the inner sheath being pre-curve\to guide the drive shaft in a curved path; 
and 

a straight flexible outer sheathNhaving an outer sheath lumen 
through which a length of the inner sheath extends, the straight flexible outer 
sheath having a stiffness sufficient to straighten the length of the inner 
sheath and drive shaft that extends through the^outer sheath lumen, the outer 
sheath adapted to be advanced over and retracted from at least a portion of 
the distal segment of the inner sheath as the drill bins rotated to adjust the 
boring angle of the drill bit to drill a curved axial bore having a selected 
curvature and divergence. 
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35. The apparatus of Claim 34, wherein the outer sheath is more rigid 
lan the inner sheath and drive shaft extending through the inner sheath 
enabling the outer sheath to straighten the distal segment of the inner sheath 
wherradvanced distally but is sufficiently flexible to bend when advanced in a 
5 curved axial bore, whereby extension of the outer sheath over the distal segment 
of the innek sheath within the axial bore straightens the boring angle of the drill 
bit enabling boring of a relatively straight axial bore section, and retraction of the 
outer sheath from the inner sheath distal segment allows the inner sheath to 
curve and deflect the boring angle of the drill bit enabling boring of a relatively 
10 curved axial bore section, whereby the curved axial bore can be formed of 
relatively straight and cbirved sections. 



36. The apparatusNrf Claim 31 , wherein: 
the boring means furthervcomprises: 
15 an elongated, flexibly drive shaft extending between a drive shaft 

proximal end and a drive shaft distal end; 

a boring drill bit capablespf being imaged at the drive shaft distal 

end; 

a drill motor coupled to the drive shaft proximal end to rotate the 
20 drill bit and drive shaft; and 

the curvature controlling means furtherVomprises: 

a drive shaft sheath extending between a drive shaft sheath 
proximal end to a drive shaft sheath distal end and having a drive shaft 
sheath lumen through which said drive shaft ext^ds; and 
25 a tip deflection wire extending from a tip deflection wire distal end 

coupled with the drive shaft sheath distal end to a tipSjeflection wire proximal 
end, the tip deflection wire providing directional contralto the boring angle of 
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^ the drill bit by selectively applying tension to or releasing tension from the tip 
Ndeflection wire proximal end while advancing the drill bit to bore a curved 
axial bore visualized by observation of the imaged drill bit and vertebrae of 
the spine. 

whereby the drill bit is rotated by the drill motor and drive shaft is rotated 
within the dnve shaft sheath from the anterior or posterior target point in 
alignment withthe axial instrumentation/fusion line to drill the axial bore through - 
the vertebral bodies and any intervening discs, and, during advancement, the 
boring angle of the drill bit is adjustable to follow the curvature of the axial 
instrumentation/fusion line by selectively applying tension to or releasing tension 
from the tip deflection wire from the tip deflection wire proximal end. 



37. The apparatus of^laim 36, wherein: 

the release of tension frorrixthe tip deflection wire allows the distal 
segment of the drill drive shaft to straighten and to be advanced through a 
curved axial bore with the drill bit axiahy aligned with the drive shaft enabling 
boring of a relatively straight axial bore^ction when boring through opposed 
end faces of facing vertebral bodies and the intervening disc space so that the 
straight axial bore section is axial ly normal to\he opposed end faces of the 
facing vertebral bodies; and 

the application of tension to the tip deflection wire induces a curvature in 
the distal segment of the drill drive shaft and deflects the boring angle of the drill 
bit enabling boring of a relatively curved axial bore section within a vertebral 
body between the end faces of the vertebral body, whereby the curved axial 
bore can be formed of relatively straight and curved sections. 
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38. The apparatus of Claim 36, wherein 
the release of tension from the tip deflection wire allows the distal 

segment of the drill drive shaft to straighten and to be advanced through a 
curved, axial bore with the drill bit axially aligned with the drive shaft enabling 
boring of\a relatively straight axial bore section; and 

the application of tension to the tip deflection wire induces a curvature in 
the distal segment of the drill drive shaft and deflects the boring angle of the drill 
bit enabling boring of a relatively curved axial bore section, whereby the curved 
axial bore can be formed of relatively straight and curved sections. 

39. The apparatus of Claim 31 , wherein: 
the boring means further comprises: 

an elongated\exible drive shaft extending between a drive shaft 
proximal end and a drive shaft distal end; 
15 a boring drill bit capable of being imaged at the drive shaft distal 

end; 

a drill motor coupled to\he drive shaft proximal end, whereby the 
drill bit and drive shaft are rotatable\>y operation of the drill motor; and 
the curvature controlling means further comprises a flexible drive shaft 
20 sheath extending between drive shaft sheath proximal and distal ends along the 
drive shaft, the drive shaft sheath having a sheath axis and a sheath lumen 
extending between the drive shaft sheath proximal and distal ends through 
which the drive shaft extends, the sheath lumen disposed off center from the 
sheath axis, whereby the drive shaft sheath providesdirectional control to the 
25 boring angle of the drill bit by selectively retracting the^drive shaft sheath from a 
distal segment of the drive shaft to enable the drive shaft section extending 
distally from the drive shaft sheath to straighten to bore aVelatively straight 
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lection of a curved axial instrumentation/fusion line or by advancing the drive 
slWt sheath over the distal segment of the drive shaft to apply the drive shaft 
sheath distal end against a surface of the drill bit to urge the drill bit in the 
directionslhat the off center sheath lumen is from the sheath axis thereby 
5 imparting an offset boring angle to the drill bit, whereby the curved axial bore 
can be forme\pf relatively straight and curved axial bore sections. 

40. The apparatus of Claim 39, wherein: 

the distal section of the drill drive shaft straightens when extended from 
10 the drive shaft sheath with the drill bit axially aligned with the drive shaft 

enabling boring of a relativ&y straight axial bore section when boring through 
opposed end faces of facing vertebral bodies and the intervening disc space so 
that the straight axial bore sectiog is axially normal to the opposed end faces of 
the facing vertebral bodies; and 
is the drill bit is angled to the offset boring angle when the drive shaft sheath 

is extended over the distal section of tnfe drive shaft sheath and against the drill 
bit enabling boring of a relatively curved axial bore section within a vertebral 
body between the end faces of the vertebraKbody, whereby the curved axial 
bore can be formed of relatively straight and cWved sections. 



41 . The apparatus of Claim 40, wherein the drive shaft sheath further 
comprises a thrust bearing at the sheath distal end tn^t is applied against a 
proximal surface of the drill bit when the drive shaft sheath is advanced. 



25 42. The apparatus of Claim 39, wherein the driveViaft sheath further 

comprises a thrust bearing at the sheath distal end that is applied against a 
proximal surface of the drill bit when the drive shaft sheath is advanced. 



